Abstract-A characterization study was carried out to determine if a novel, millimetre sized Terbium-activated Gadolinium Oxysulfide optical fibre detector has potential for future use in dosimetry. 1.25 MeV photons from Co-60 decay and 74 MeV protons from the TRIUMF facility studies were used. Dose response, field size response and Čerenkov contributions, as well as raw and spread-out Bragg peak depth doses were investigated.
INTRODUCTION
Over the past decade, many organic and inorganic scintillators have been used in radiotherapy dosimetry and quality assurance applications. Inorganic scintillators produce visible light signal by electrons absorbing energy from incident radiation and jumping to higher energy levels. When the electrons decay to a lower energy level, photons are released (scintillation) and can be converted to an electrical signal by a photodetector. In an optical fibre-based detector, the photon is guided the length of the optical fibre by total internal reflection to the photon counter. These sensors are waterproof, very small, and easy to fabricate. There is potential for this type of sensor in quality assurance and dosimetric applications
MATERIALS AND METHODS
The detector used was made of a length of plastic optical cable with a 1 mm long cylindrical cavity drilled in the end. The cavity was filled with Gadox powder and was based on a design used by Woulfe et. al [1] . The visible light signal was relayed to a Hamamatsu Multi-Pixel Photon counter (MPPC) for conversion to electrical signal.
Dose response of the detector in photon and proton studies was determined by increasing the doses delivered and summing the counts over the course of the irradiation.
For field size response (only in photon), field sizes of 7 x 7, 10 x 10, and 20 x 20 cm were irradiated with 100 cGy. Čerenkov contributions in photon and proton were found using the bare end of the extension.
For proton depth dose, scanning and dwell point measurements were made of the Raw Bragg Peak (RBP) and the Spread-out Bragg Peak (SOBP). The tests were done by attaching the sensor to a scanning stage and moving the stage along the beam axis in a water box. The SOBP was produced by using a spinning, stepped modulator wheel.
RESULTS AND DISCUSSION
In both photon and proton studies, the dose response was linear with R 2 of 1, an excellent result. Field size response for photons was also linear with R 2 of 1, indicating an overresponse of the sensor. This is mostly due to the Z 3 dependence of the photoelectric effect. Lower energy scatter increases with the irradiated volume and induces more signal in the Gadox detector than it would in an ion chamber. Čerenkov radiation was found to be significant in photon studies, but induced fluorescence (what was previously thought to be Čerenkov radiation) in proton studies was found to be insignificant. RBP and SOBP signal were both found to be significantly quenched compared to ion chamber and other solid-state detectors (Fig.1) . The Gadox sensor peak-toentrance ratio was 2.8 as compared to 3.7 for a commonly used diode detector, a discrepancy of nearly 30%. Overall, the Gadox sensor showed very good signal-tonoise ratio and dose linearity, but quenching of the signal in the high linear energy transfer areas of the BP and SOBP limits the use for quantitative dosimetry in proton beams.
